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Technical information Memorandum No. 9 

THE USE OF INSECT -8 ON CLOTHING 

Repellents have been developed t o  proteot the  individual fron bi t ing 6 

arthropods which transmit diseases and aauae eevere annoyance. RepeIlentu ' 

are used e i ther  by d i reo t  appliaation t o  the  skin or  by treatment ef ' ,  

olothing. The purpose of t h i s  memorandum is t o  present t he  method6 and ,: 

rmnteriale used, part ioular ly  f o r  the treatment of olothing. 

Moet of the repellenta have a s l i gh t  odor$ th is  i e  \ i ~ l l y  mob- 
jeationable but i e  more pronounced with 1M-1960 than with theLat;her laat.sF$ala. 
Rtastios such aa watoh cryatala, fountain pen8 and pocket. a d s  may b& dam- 
aged by contact with the PreshlyAtreated clothing os ' t he  repeXXenOs, b e t  
i s  leee injurious than &I960 or benzyl benzoate. Sane types of aynthetio 
aloth, suuh as the .older  type8 of rayons, may be affected but no injury is 
mubed t o  nylon, cotton, or  m o l ,  and the repellenta do not stain or heage 
the appearance of the present types of uniforms. 

1 



No one repel lent  has been found t o  provide the  very best  protec- 
t i o n  against  a l l  groups of arthropods. Effectiveness of t he  commonly 
used individual  compounds and mixtures is  indioated i n  Table 1. 

The common names, catalogue nomenclature, applicable specifica- 
t i o n s  and Federal stook numbers f o r  repel lents  i n  t he  mi l i t a ry  supply 
system a r e  l i s t e d  i n  Table 2. 

b. INDIVIDUAL COMPOUNDS 

Deet (II,8-diethyl-g-toluamide) provides t he  best protection 
against  a l l  types of mosquitoes and other b i t i ng  Diptera, and i s  s a f e  
f o r  application t o  the  skin as  well  as  the  clothing. Butyl e thy l  
propanediol, an ingredient of mixture M-1960, is almost equal t o ' d e e t  
as  a clothing treatment against  mosquitoes, but is  not cleared f o r  
appl icat ion t o  the  skin. Ethyl hexanediol, dimethyl carbate, Indalone, 
and dimethyl phthalate a r e  older repel lents  t h a t  have been used pri-  
marily f o r  sk in  applications f a r  protection from mosquitoes; they w i l l  
a l s o  provide protection against  mosquitoes when applied t o  t he  clothing, 
but a r e  l e s s  effeot ive  than deet o r  butyl  e thy l  propanediol, 

The most effeot ive  material  f o r  protection against t i c k s  i s  
N - b b t $ . ~ c e B ~ ~ l i & 9 7 a n d  t h i s  is  a l so  an ingredient of mixture M-1960. - 
It i s  not deemed safe  f o r  use on the  skin. Among the  other materials  
which are l i k e l y  t o  be read i ly  available, the  most effect ive  ones f o r  
use against  t i cks ,  i n  order of preference, ape deet ,  Indalone, dimethyl 
carbate, dimethyl phthalate, and b n z y l  benzoate, 

-TBe moat e f fec t ive  f l e a  repel lent  i s  deet, and this i s  safe  f o r  
use on t h e  skin  a s  well a s  t he  clothing, Benayl benzoate and g-butylace- 
t a n i l i d e  a r e  a l so  highly effect ive  a s  f l e a  repel lents ,  and both a re  present 
i n  mixture M.1960. Benzyl benzoate i s  cleared f o r  skin  application ONLY AS 
A SCABICIDE. 

Any of t he  materials  mentioned above w i l l  provide proteution againat 
chiggers when f reshly  applied, and some are  effeut ive  through considerable 
periods of wear. Only benzyl benzoate w i l l  withstand leaching by water, 
however, and f o r  t h i s  reason it i e  conaidered-to be t h e  moat e f fec t ive  
chigger toxicant (againat chiggers the  effectiveness correlated with 
knockdown a c t i v i t y  ra ther  than with repellency). Bsnayl benzoate is, an 
ingredient  of mixture M-1960, and t h e  mixture therefore withstands aoms 
leaching by water, such a s  would occur i f  the  t rea ted  clothing were worn 
i n  t he  r a i n  or  while fording a stream. Treated un i form may s t i l l  provide 
protection from chiggers even a f t e r  '1 o r  2 washings, i f  the re  has not been 
too  much leaching during t he  period of wear. The best procedure, however, 
is t o  reimpregnate t h e  clothing a f t e r  every washing. Dibutyl phthalate is 
a l s o  e f fec t ive  as  a chigger toxicant; it was formerly used much more exten- 
s i ve ly  than a t  present, but may be encounte~ed i n  stockpiled materials ,  
pa r t i cu l a r l y  i n  a mixture with b n z y l  benzoate, 







Both M-1960 and deet have been reported a s  e f fec t ive  against land 
leeches i n  Malaya. 

c. mmm 
, MixCum M-1960 was developed t o  meet the  requirements f o r  an a l l -  

purpose olothing repellent .  It containa 30% of 2-butyl-2-ethyl-1, 
3-propanediol f o r  protection against mosquitoea and bf t i n g  f l i e s ,  30$ 
of benzyl benzoate f o r  chiggers and f leae ,  30$ of &-butylacetanilide f o r  
t i c k s  and f leas ,  and 10% of a nonionic emulsifier. 

Benzyl benzoate, e i t h e r  alone o r  mixed with dibutyl  phthalate, 
i s  available i n  emulsifiable formulations designed primarily f o r  the  
treatment of clothing f o r  protection from chiggers. The treatments 
w i l l  a l so  provide protection against  f l e a s ,  but not against  mosquitoes 
and l i t t l e  against t i cks .  One formula contains 90% of benzyl benzoate 
aa t he  toxicant and repellent ,  and another formula contains 45% each of 
beneyl benzoate and dibutyl  phthalate. Each formulation contains 10$ 
of a nonionic emulsifier. 

Mixture M-2020 contains of dimethyl phthalate, 30$ of 
dimethyl carbate and 30% of e thy l  hexanediol, and mixture M-250 (6-2-2) 
containa 60% of dimethyl phthalate, 20k of Indalone and 20% of e thy l  
hexanediol. These mixtures antedated deet a s  the  recommended repellent  
f o r  skin  application. They may remain i n  supply channels f o r  some time, 
and can be used a s  an expedient t o  t r e a t  clothing fo r  protection from 
mosquitoes, b i t ing  f l f e s ,  chiggers, and t i cks .  They a re  not available 
i n  emulsifiable conaentrates. 

d .' APPr,fCATXQN RATES 

The optimum r a t e  of appliaation f o r  each of t h e  individual  re- 
pe l len t s  t o  clothing i s  2 grams per square foot, o r  a t o t a l  of about 
2* ounces t o  a uniform of average size,  including a pa i r  of socks. The 
optimum r a t e  f o r  M-1960 and the  benayl benzoate-dibutyl phthalate mixture 
is 1 gram of each act ive  ingredient per square foot. For t h i s  reason the  
t o t a l  application r a t e  f o r  M-1960 i e  greater  than t ha t  of t he  other re- 
pel lents .  Since three  act ive  ingredients are required t o  provide protection 
against  t he  en t i r e  range of pes ts ,  it is seoesaary t o  apply the  mixture a t  a 
r a t e  of 3 grams per square foot  . 

The direct ions  given i n  t h i s  memorandum are  based on depositing 
the  repel lents  a t  these ra tes ,  and they should be followed exactly, Methode 
of treatment with emulsifiable ooncentrates t h a t  a r e  sa t i s fac tory  f o r  ootton 
may not always be sa t is factory f o r  wool, and wet uniforms a r e  more d i f f i ou l t  
t o  impregnate a t  prescribed r a t e s  than a r e  dry ones. Any attempt t o  modify 
t he  methoda, unlees aupported by chemical analyses of the  deposits  obtained, 
m a y  be diaastrous,  resul t ing i n  f a i l u r e  t o  obtain protection o r  t he  applica- 
t i o n  of exoeaaive amounts of the  repel lents  which could be harmful t o  the 
wearer, 
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3. METHODS OF 'lRE4TMENT 

a. WITH EMULSIFIABLE CONCENTRATES 

( 1) I r ~ ~ e r m a t  ion & Laundries 

Repelkente are esailg applied i n  fixed or mobile 1 
and t h i s  method i a  pyefe~red  for treatment of largo amounts of 
The following table ,  gives t he  recommended dosages and drying t 

Benayl benroata '  Wool 

(a) Cotton Clothing. -- After the  l a a t  r inse  o r  aft 
olothing is tbopoughly wet, drain  the washer and ro l l  f o r  2 minute 
remove excesa wate~ from t h e  unifome and t o  fnsure cpmpl 
the  reeemoir .  For lot8 of 20 uniforms, &d,k gallogs of wa 
start the washer, add 6 quarts of IS-1960 concentrate, o r  7 
benzoate coacentrate, and r o l l  f o r  10 minutes. Drain the 
viously described and remove alothing f o r  drying. Spin d 
at 1,600 r.p.m., f o r  10 minutes a t  20OoF. 

(b) . -- The prooesa fo r  t rea t ing  woole 
as given f o r  cotton oJothiqg, with t h e  exceptioq t ha t  3 quarts of 
concentrate o r  3.5 pjirnte of bewyl benzoate concentmte w e  uaed t 
allona of water heated t o  1000F., f o r  60 pounde of clothing, dry f~ ehiFte and l4 t rousers  o r  7 blankets). Drying should be a t  t 

aturee below UO°F, 

(2) && Treatment 

(a) Drv Uniforms. -- This procedure i s  f o r  olean, d 
fng of wool o r  cotton and I s  the one whiah should be used f o r  t r e  
small quantities ofe clothing o r  i f  laundry f a o i l i t i e s  a re  not avai 
A'stock emulsion i s  prepared by adding the  required amount of repe 
concentrate t o  the required mount of water $a given i n  the  follow 
tab le  r 



o For stock emulsion : Amount of s tock : - 
Formula t Amount of r Amount o f  : emulsion : Number of 

: concentrate : water : per uniform : unifolrnrs 

M-1960 1 gallon 11 gallons 3.5 p i n t s  28 
4.5 05 3.5 pin t s  3.5 p in t s  1 

(130ml. o r  9 tablespoons) 

Benrtyl 
benaoat e 1 gallon 18 gallons 3.5 p in t s  43 

2.5 oa 3.5 p i n t s  3.5 p i n t s  1 
(72ml. o r  5 tablespoons) 

The s tock emulsion should be s t i r r e d  occasionally t o  main- 
t a i n  t h e  emulsion (milky white).  One t o  th ree  dry cotton o r  wool uniforms 
( s h i r t  o r  jacket,  pants, and socks) are  placed i n  a f l a t  aontainer. While 
one man slowly pours t h e  required amount of emulsion on the  clothing, 
another man should t u r n  and equeeae t h e  c lo th  t o  insure even and complete 
wetting. To remove t h e  excess emulsion, the  c lo th ing should be wrung by 
two men. Men t r e a t i n g  mare than two o r  three  uniforms should wear rubber 
gloves, The emulsion t h a t  i s  not absorbed by the  uniforma must p& be 
used again. The uniforms should be l a i d  out f lat  on a clean dry surface 
t o  dry, if possible,  r a the r  than hung on a l i n e ,  When f l a t  drying is 
impractical  and suspension drying must be employed, the  t rousers  shouw 
be hung with t h e  bottoms of t h e  legs down and t h e  s h i r t s  with the  neck 
and sleevea down. When the  s u i t s  are  d ry  they a r e  ready f o r  wear. I f  
t h e r e  is t o  be a delay of severa l  days they should be folded compactly 
and etored indoors. 

(b) Wet Unifmm,.- This method should be used only aa 
an expedient, when t h e  only opportunity t o  t r e a t  t h e  clothing is during 
the  shor t  period a f t e r  it has been washed and before it can be dried.  
After  treatment, uniforms must be dr ied  before they a r e  worn, After  the 
uniforms have been washed and r insed two men should wring out by hand a s  
much excess water a s  possible. Then, with one man slowly pouring onto 1 
t o  3 uniforms t h e  speci f ied  volume of spec i f i c  s tock a s  shown i n  the  
t a b l e  below, another man tu rns  and squeeees t h e  clothing t o  insure  even 
d i s t r ibu t ion  of t h e  emulaion. The emulsion t h a t  is  not absorbed must 
be salvaged and used again. Uniforms should be dr ied  a s  given i n  (a)  
above. 



For stock emulsion : Amount of stock : 
Formula : Amount of Amount of : emulsion : Number of 

: concentrate water : per uniform : uniforms 
- .  - - 

Cotton uniforms 

M-1960 1 gallon 2 gallons 18 oa 21 
6 oz 12 oz 18 oz 1 

.' : .&may1 
benzoate 1 gallon 3 gallons 16 oz ( 1  pint)  32 

4 oz 12 02; 16 oz 1 

Wool uniforms 

M-1960  1 gallon 5 gallons 3 2 0 a ( l q t )  24 
5 oz 27 oa 32 oz 1 

Benzlyl 
beneoate 1 gallon 5 gallons 24 oz 32 

4 02 20 oz 24 oz 1 

( 3) Precautions 

(a) Treated uniforms a r e  not t o  be worn u n t i l  dry. 

(b) Do not over-treat; use the  amounts of material  given. 

(c )  Untreated undershorts should be worn under t reated 
unif o m .  

(d) It is  not advisable t o  d ip  uniforms se r i a l l y  i n  t h e  
stock emulsions, a s  the  concentrations given above 
w i l l  not be maintained i n  the emulsions a f t e r  several  
uniforms have been dipped. 

(e)  Uniforms should be clean before impregnation with any 
of these repellents.  Before reimpregnation, clothing 
should be thoroughly washed or  dry cleaned. 

Deet is the only repel lent  available as  a preesuriaed spray, 
Clothing properly t reated with an adequate amount of the  spray provide8 

aa much protection aa clothing t rea ted  by any other method. I f  l e e s  than 
2 gram of ac t ive  ingredient is  applied per square foot it w i l l  be neoeeeeuYy 
t o  r e t r e a t  a t  a shorter interval .  The spray can be applied while the  cloth- 
ing is being worn. 

. . - . . ,  ,l. . . 
: r : .. . 

< .  
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The spray unit should be held 6 t o  8 inches from the  c lo th ing 

~ and t h e  spray applied with a slow sweeping motion. The operation i s  
continued u n t i l  t h e  e n t i r e  surface is s l i g h t l y  moiatened; sa tura t ion 
is  not necenaaq. For mosquitoes and b i t i n g  f l i e s  extra l i b e r a l  ap- 
p l i ~ t l o n a  should be made where the  most b i t e s  occur, auch as  acrosa 
t h e  shoulders and along the  thigha. For t i c k s ,  chiggers, and f l e a s  
ex t ra  l i b e r a l  appl ica t ions  a r e  made along a l l  openings of the  cloth- 
ing, such a s  t h e  neckband, the  fly and cuffs  of t h e  trousers,  and t h e  
tops of the  socks. The treatment of an e n t i r e  uniform w i l l  usual ly  
require  3 t o  4 minutes1 spraying time. 

c . UNFORMULATED REPELLEXTS 

Technical deet  o r  a 75% so lu t ion  of deet  i n  alcohol can a l s o  
be used t o  provide an ef fec t ive  all-purpose clothing treatment. 
M-2020 and PI-250 may a l so  be used, i n  an emergency, t o  t r e a t  c lo th ing 
f o r  protec t ion agains t  mosquitoes, b i t i n g  f l i e s  and chiggers. 

The beat method of applying the  repe l l en t s  is  t o  sa tu ra te  t h e  
c lo th ing with a so lu t ion  o r  emulsion of t h e  repel lent .  Use about 2 
grams per  square foo t  of c lo th ,  o r  a t o t a l  of 2& ounces ( 5  tablespoon- 
f u l s )  t o  a jacket (o r  s h i r t ) ,  t rousers,  and socks of medium s i z e  ( t o t a l  
about 37 sq. f t . ) ,  Do not t r e a t  the  underwear. Dissolve the repel lent  
i n  enough dry-cleaning f l u i d  t o  wet the  garment thoroughly but not leave 
any excese, about 3 p i n t s  f o r  an o u t f i t  of heayy cotton cloth. After  
a l l  pa r t8  of t h e  garment have been sa tura ted  with the  solution, allow 
t h e  cleaning f l u i d  t o  evaporate. An emulsion can be made by mixing 
2* ounces (5 t a b l e e p o o ~ l s )  of the  repel lent  with 3 pin t s  of water and 
1/4 ounce (l* teaspoonfuls) of an emulsif ier  o r  1 ounce (2 tablespoonfi la)  
of soap. Many synthet io  household detergents a r e  not su i t ab le  f o r  making 
emulsions, but moat laundry soaps a r e  sa t i s fac tory .  Dissolve t h e  emulsi- 
f ier  or anap i n  t h e  water and add t h e  repe l l en t  alowly while s t i r r i n g  
vigorously. If l a r g e  quan t i t i e s  of c lo th ing a re  t o  be t rea ted ,  a stock 
so lu t ion  containing 90 per cent of t h e  repe l l en t  and 10 per cent of 
emuls i f ier  can be prepared, and added t o  water as needed, a t  t h e  r a t e  of 
1/2 p i n t  t o  1 gallon. Satura te  a l l  p a r t s  of the  garments with the  emul- 
sion, wring l i g h t l y ,  and DRY THOROUGHLY before wearing. 

These repe l l en t s  can a l s o  be sprayed o r  daubed on the c lo th ing 
i n  a reas  where the  b i t e e  occur, suah a s  across t h e  ehoulders and along 
the  thigha.  A simple method is t o  shake t h e  repe l l en t  i n t o  one hand, rub 
t h e  hands together,  and rub l i g h t l y  on t h e  clothing,  They can a l s o  be 
applied t o  t h e  c lo th ing with a sprayer. If a compressed a i r  sprayer tha t  
w i l l  de l ive r  a very f i n e  spray, such a s  a paint  gun, is  available the  
 repellent^ may be applied a t  f u l l  s trength.  If only coarse aprays can be 
applied t h e  repe l l en t s  should be emulsified i n  soapy water o r  d i lu ted  with 
a v o l a t i l e  solvent. The important element i s  t o  t r e a t  the  garments evenly & 
a t  t h e  r a t e  of 2 grams of repel lent  per square foot .  



. . 

4 .  RECWliLMENDATIONS . 

Mixture K-1960 i s  recommended f o r  the treatment of clothing when an 
all-purpose repellent Pa needed for protection against mosquitoes, f l eas ,  
t icks ,  and ohiggers. Deet i s  a l so  an exoellent all-purpose olothing 
treatment; it i s  more effect ive than M-1960 against f l eas ,  some mosquitoes 
and bit ing f l i e s ,  but it is less  effect ive against t i cks  and w i l l  not 
provide protection against chiggers a f t e r  leaching with water. 

Benzyl benzoate i s  recommended when the  need for  protection is 13.1~- 
i t e d  t o  chiggers, as it is  l e s s  expensive than M-1960 and withstands 
leaching by water. Deet i s  a l so  highly effeotive agaf.net, okilggera, but 
must be reapplied each time the  clothing has been saturated wi th  water. , 

Deet is recommended when f l e a s  const i tute  the 6nly problem, M-1960 
i s  next i n  effectiveness and beneyl benzoate th i rd .  

Deet i s  a l so  recommended when mosquitoes and b i t ing  f l i e s  a re  the 
- only problem, although M-1960 is also highly effect ive.  Benzyl bensoate 

is not sui table  for t h i s  purpose. 

When t i cks  are  t he  only problem M-1960 is reoammendsd. Deet is less 
effective than M-1960, but w i l l  nevertheless provide a high degree of 
ppotection through several  days of wear. Benzyl benzoate is much less 
effect ive than deet. 

k* 

In  an emergency, when M-1960, sleet, and b n z y l  benzoate are  not 
available, M-2020 or  M-250 may be used t o  provide some protection as  
clothing treatments, They a re  e f fec t ive  against mosquitoes and effeotive 
against chiggers unless the clothing has been satarated with water but 
only moderately effect ive against t icks .  

Repellents should alwaye be applied t o  dry clothing eraept when 
t reated i n  a laundry, The treatment of wet clothing, as deearibed i n  
the  section on methods of trehtment, i a  recommended only as  an al ternat ive 
t-~ no treatment at  a l l .  The impregnation of wet uniforms is d i f f i cu l t ,  
and s l igh t  deviations from t h e "  &eLhods recommended m a y  r e su l t  i n  under- 
doaing, overdorcing, or  uneven dis t r ibut ion.  

Clothing properly impregnated with M-1960, bemy1 benaoate, and deet 
usually r emins  effect ive through normal period8 of wear, and should be 
re t reated when the clothing i s  washed, If the periods of wear are  un- 
u s u a l ? ~  long o r  mvere i n  other it rry b necessary t o  reapply dset  
between washings. Thir rbould aot nonul 'y 'be necessary wdth M-1960 ,or 
benzyl benaoste, am3 o v e m r  of these m t e r i a l s  caused by unnecessary 
retreatment without p r io r  wa&ing -Id be avoided. 

When t r o o p  are ping i n t o  areas where ercrub typhus or other arthropod 
borne diseasee are ham t o  be present, clothing should be issued which has 
been treated with a repel lent  appropriate fo r  conditions such rsw. 

I 
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APPENDIX 

The following qua l i t a t ive  t e a t  f o r  the presence of M-1960 ha6 been 
used i n  the  f i e l d  t o  eetablieh t ha t  clothing.haa been treated,  f t  doest 
not, hawever, reveal the  degree of impregnation or yrotectfon provUsd, 

SIQT TEST FOR CLOTHING TREA- M-1960 ON CLQl"l' 

EnLWloky RegeacchcBrench:. ; 
Orlaqdo, Florida 

Reagent and Materials 

1, The t e s t  reagent consists  of 0.25 gram of ammonium thiocyanats, 
and 0.25 gram of sodium acid su l f a t e  dissolved i n  100 ml, of water, 
t o  which 1 m l .  of a 1,Ok aqueous solution of f e r r i c  chloride is 
added. 

2. Acetone f o r  moistening the  cloth. 

3. White, heavy grade, fine-textured qua l i t a t ive  f i l t e r  paper. 
(Whatman No. 2 o r  equivalent).  

4. Two dropper bo t t l es  

A small portion (about 2 inches square) of the  garment t o  be tes ted is 
wetted with acetone and then rubbed or sponged vigorously with the center 
port ion of a piece of white f i l t e r  paper. As soon as  t he  acetone has evapor- 

I 
ated one drop of the  reagent is applied with a dropper t o  t h i s  portion of 
the  paper, A blank t e s t  is made by placing a drop of the reagent on the  
outer par t  of the  paper t h a t  wae not wetted by the  acetone. A d ia t inc t  
pink spot i s  formed with the  extract  from the  impregnated garment, It 
i e  advisable t o  make the  blank t e s t  sinoe a s l i g h t  pink color may develop 
even i n  the  absence of the  impregnant i f  the  reagent is too condantrated, 




